Asymptomatic carotid artery stenosis is a well-recognized risk factor for ischemic stroke, and its prevalence increases with age. In the late 1980s and in the 1990s, well-designed randomized trials established a definite advantage for carotid endarterectomy in reducing the risk of ipsilateral stroke when compared with medical therapy alone. However, medical treatment of cardiovascular disease has improved significantly over the past 2 decades, and this has, in turn, resulted in a decline of the stroke risk in patients with asymptomatic carotid artery stenosis treated medically. This improvement in medical therapy casts doubts on the effectiveness of large-scale invasive treatment in patients with asymptomatic carotid artery stenosis. Several studies have been conducted to identify possible subgroups of patients with asymptomatic stenosis who are at higher risk of stroke in order to maximize the potential benefits of invasive treatment. Ongoing large-scale trials comparing best current medical therapy to available invasive treatments, such as carotid endarterectomy and carotid artery stenting, are likely to shed some light on this debated topic in the near future. In this review, the authors summarize the current controversy surrounding the ideal management of asymptomatic carotid artery stenosis. 
T he prevalence of asymptomatic carotid artery stenosis varies according to age and sex. In a recent systematic review of population-based studies, mod erate stenosis (≥ 50%) was found in 4.8% of men and 2.2% of women younger than 70 years. The percentages increase to 12.5% in men and 6.9% in women if patients older than 70 years are considered. 8 Data regarding severe asymptomatic stenosis (≥ 70%) indicate that its prevalence ranges from 0% to 3.1% of the general population. 9 Given the increase in prevalence with age and the aging population, asymptomatic carotid artery stenosis can be expected to be very common in modern medical practices.
About one-third of all strokes are related to large artery thromboembolism, 4, 12 and it is well recognized that carotid artery stenosis is a risk factor for ischemic stroke. 26, 34 Large randomized, multicenter studies have been conducted to assess the role and efficacy of carotid endarterectomy (CEA) and, more recently, carotid artery stenting (CAS) in patients with asymptomatic carotid artery stenosis. These seminal trials have demonstrated a marginal but definite benefit for CEA in reducing the risk of stroke after 5 and 10 years when compared with "best" medical therapy alone. However, these studies were conducted in the late 1980s and in the 1990s, and since their completion, progress in the medical management of cardiovascular diseases has led to a progressive decrease in the yearly risk of stroke in patients with asymptomatic carotid artery stenosis managed with medical treatment alone. Thus, some have questioned the effectiveness of large-scale invasive treatment (CEA or CAS) in view of the significant improvement of medical therapy. In this review, we summarize the available data and the ongoing controversy related to this issue.
Evidence Supporting Surgical Intervention for Asymptomatic Carotid Artery Stenosis
Two main studies have shaped the surgical treatment of asymptomatic carotid artery stenosis in the past 20 years: the Asymptomatic Carotid Atherosclerosis Study (ACAS) in North America and the Asymptomatic Carotid Surgery Trial (ACST), conducted mostly in Europe. In ACAS, the main objective was to assess whether CEA (in addition to medical therapy) reduced the 5-year risk of ipsilateral stroke in individuals with hemodynamically significant asymptomatic carotid artery stenosis (defined as ≥ 60% reduction in lumen diameter) when compared with medical therapy alone. "Best medical therapy" at the Asymptomatic carotid artery stenosis: time to rethink our therapeutic options? time of this trial was fairly simple and consisted mostly of daily aspirin combined with "reduction" of modifiable risk factors. A total of 1662 patients were randomized from different medical centers across the United States and Canada. The study was stopped early, after a median follow-up of 2.7 years, due to a significant difference favoring CEA. The estimated 5-year risk of ipsilateral stroke was reduced from 11% in individuals treated with medical therapy alone to 5.1% in those undergoing CEA, for an absolute risk reduction of 5.9% (or 1.2% per year). 43 The ACST was initiated in 1993 and enrolled a much larger number of patients than ACAS. The primary objective of ACST was to assess the long-term effects of CEA on any stroke in patients with significant (defined as > 60% lumen reduction on Doppler ultrasonography) asymptomatic carotid artery stenosis. It is important to mention that, in ACST, asymptomatic patients were considered those without any relevant neurological symptoms during the 6 months preceding enrollment. A total of 3120 patients were randomized to undergo immediate CEA while receiving intensive medical management or medical management alone; the mean follow-up period was 3.4 years. An absolute risk reduction of 5.4% was seen in the rate of any stroke and perioperative events when comparing immediate versus deferred surgery (6.4% vs 11.8%). There was also a significant difference in the risk of carotid territory stroke and fatal or disabling stroke between both groups. The overall perioperative stroke and death rate in this study was 3.1%. 16 The 10-year data from ACST were published in 2010. 15 The 10-year risk of any stroke and perioperative events was 13.4% in the CEA group and 17.9% in the medical arm, representing an absolute risk reduction of 4.6%. During this period, substantial improvement in medical therapy was noted among individuals enrolled, especially in regard to the increased use of lipid lowering agents. The benefit of immediate CEA was not present across all age groups, being significant for men and women up to 75 years of age at the time of enrollment. Surgical intervention did not benefit patients older than 75 at the time of enrollment due to their increased probability (> 50%) of dying from a variety of causes rather than stroke during the 10-year follow-up period. 15 It is often said that ACAS and ACST reported a similar overall stroke risk reduction favoring CEA, but this is not true. A fundamental difference between the two studies is the primary end-point: ipsilateral stroke in ACAS and any territory stroke in ACST. As we will elaborate later, careful analysis of the two studies actually does confirm a progressive decrease in the risk of ipsilateral stroke in parallel with improvements of medical therapy.
30 Table 1 shows a comparison between the ACAS and ACST trials.
In the past 2 decades, CAS has been proposed as an alternative to CEA. While CEA and CAS have been extensively studied in symptomatic patients in several randomized trials, only very few studies have compared the two therapeutic modalities in patients with asymptomatic stenosis. Thus, data supporting CAS for asymptomatic carotid artery stenosis are very limited at present. 36 The best data available for CAS in asymptomatic patients come from the Carotid Revascularization Endarterectomy vs Stenting Trial (CREST). 6, 36 During this study, both symptomatic and asymptomatic patients were randomized to undergo either CEA or CAS, and after a median follow-up period of 2.5 years the initial results were reported. Among the asymptomatic patients, the estimated 4-year risk of stroke or death (including perioperative events) was 2.7% with CEA and 4.5% with CAS. However, this difference was not found to be statistically significant (p = 0.07) because the study was not powered to perform subgroup analysis. (Among the 2502 patients studied, there were 1181 asymptomatic patients; 594 in the CAS group and 587 in the CEA group, with a small number of endpoint events.)
Evidence Supporting Medical Therapy Alone
In the past 2 decades, important advances in medical therapy for cardiovascular diseases have taken place. Antiplatelet, antihypertensive, and lipid-lowering agents are commonly used in patients at risk for atherosclerosis, and great emphasis is placed on the importance of exercise, weight loss, and smoking cessation. All of these interventions, aimed at achieving specific clinical or biochemical targets, have ultimately led to a reduction in the rate of cardiovascular events, including stroke. 20 Improvement in medical therapy and cardiovascular risk-factor modification are the main reasons why many clinicians argue against the widespread use of CEA and CAS for asymptomatic patients. 25, 31, 38 A number of studies and observations have indeed confirmed a progressive reduction in the yearly risk of stroke in patients with asymptomatic carotid artery stenosis since completion of the above-mentioned CEA trials. These studies have methodological limitations, as many variables such as weight loss, smoking, and physical activity were not adequately controlled. However, they provide convincing data to support a decreased rate of stroke with modern medical therapy in patients with asymptomatic carotid artery stenosis.
A prospective, cohort study of 101 patients was conducted from 2002 to 2009 to determine the risk of ipsilateral stroke in patients with at least 50% asymptomatic carotid artery artery stenosis on intensive medical treatment. In this study, intensive therapy consisted of antiplatelet, lipid-lowering, and antihypertensive medications in more than 80% of patients, as well as appropriate glucose control measures and lifestyle modifications. After a mean follow-up of 3 years, 6 ischemic events occurred in the territory of the asymptomatic carotid artery stenosis, and 5 of these events were transient ischemic attacks (TIAs), with only 1 patient suffering a nondisabling stroke. Average annual risks were 0.34%, 0%, and 1.78% for any ipsilateral stroke, disabling ipsilateral stroke, and ipsilateral TIA, respectively. 28 These annual rates are much lower than those reported in the large clinical trials favoring CEA.
The benefits of medical therapy were convincingly demonstrated by another prospective study of patients with asymptomatic carotid artery stenosis conducted between 2000 and 2007. Two periods were compared: be-fore and after (beginning in 2003) implementation of an intensive medical regimen. Medical therapy in the second time interval was aimed at reducing plaque progression and "burden" (measured as total plaque area and microemboli detected on transcranial Doppler [TCD] ultrasonography, respectively) rather than attaining target levels of blood pressure or plasma lipoproteins. During the most recent time interval considered, there was a significant increase in the use of statins, angiotensin-converting enzyme inhibitors, and antiplatelet agents. The new intensive medical management resulted in a significant reduction in the proportions of patients who experienced stroke or other cardiovascular events, the prevalence of microemboli on TCD ultrasonography, and the rate of plaque progression. Among patients enrolled before 2003, 17.6% suffered cardiovascular events, compared with 5.2% of patients enrolled after 2003, when the new medical regimen was implemented. The prevalence of microemboli on TCD ultrasonography declined from 12.6% to 3.7%, and the mean rate of plaque progression went from a mean of 69 mm 2 per year to 23 mm 2 per year. 40 In 2009, a systematic review assessed temporal changes in reported stroke rates among patients with asymptomatic carotid artery stenosis treated with medical therapy alone and compared these rates to those observed in the major CEA trials. Eleven studies were included, with a total of 3724 patients who had received medical intervention alone and were followed over time. A statistically significant progressive reduction in the annual rates of stroke was evident. The risk of ipsilateral stroke decreased from 2.2% per year in 1995 to 1.0% per year in 2005, and the risk of any territory stroke decreased from 3.5% per year to 2.2% per year during the same period. Specifically, it was found that by 2001, these rates fell below those of patients undergoing CEA in ACAS. 1 The decreasing trend in stroke risk for patients on medical therapy is also evident looking at the results from ACAS and ACST. During the 15-year period between the publication of ACAS and the second report from ACST, the 5-year risk of ipsilateral stroke and any stroke fell significantly among patients assigned to the medical therapy arm. The 5-year risk of ipsilateral stroke fell by 67% 30 from 11% in 1995, when ACAS was reported, to 3.6% in 2010, when the last data from ACST were published (Fig. 1) . The same is evident when the 5-year risk of "any" stroke is considered; it was reduced by 59%-from 17.5% in 1995 to 7.2% in 2010 (Fig. 2) .
Current Status and Controversy
Based on the growing evidence on the beneficial effects of current medical therapy in reducing the risk of stroke in patients with asymptomatic stenosis, many have suggested that the indications for invasive treatment must be reevaluated. Despite the benefit of CEA shown in ACAS and ACST, there is currently little agreement on the best therapeutic strategy for patients with asymptomatic carotid artery stenosis. This controversy is reflected in the contradictions evident among recent practice * ACAS = Asymptomatic Carotid Atherosclerosis Study; ACST = Asymptomatic Carotid Surgery Trial; ARR = absolute risk reduction; BMT = best medical therapy; NNT = number needed to treat; RRR = relative risk reduction. The lack of agreement among the experts extends to the general medical journal readership as well. In 2008, the New England Journal of Medicine published the case of a 67-year-old male nonsmoker with hypertension and hyperlipidemia on adequate medical therapy, who was found to have a carotid artery bruit during routine examination. There was no previous history of ipsilateral or contralateral cerebrovascular ischemic symptoms. Diagnostic ultrasonography of his carotid arteries showed a 70%-80% stenosis on the side of the bruit, with an irregular plaque and elevated peak velocity, and 20% stenosis on the contralateral side. 39 Readers were asked to choose the most appropriate treatment option for the patient based on experience, published literature, and current guidelines. This patient would be an ideal candidate for endarterectomy according to the guidelines of the American Heart Association. 13 However, the opinion of the survey participants was different. Among the 4669 respondents from different countries, the majority (49%) chose to treat the patient with medical therapy alone, about a third preferred CEA, and only 20% favored carotid artery stenting. 21 Management was not different when only North American readers were considered, as 47% of them also voted for medical therapy alone. 21 Proponents of invasive treatment state that in parallel with improvements in medical therapy, the perioperative risk of CEA and CAS has progressively decreased as well. 38 In the CREST study, conducted between 2000 and 2008, the perioperative stroke risk in asymptomatic patients was 2.5% for CAS and 1.4% for CEA, the latter being significantly lower than that seen in ACAS and ACST. However, other considerations beside the reduced risk of ipsilateral stroke with best current medical therapy warrant a critical reevaluation of the role of invasive treatment of asymptomatic stenosis. One of them is the fact that the surgeons performing the interventions in ACAS and ACST were highly selected according to their expertise and complication rate record. 31 This translates into difficulty generalizing the results to routine clinical practice, where periprocedural risk might be higher. In 2004, an analysis of 10 indications and outcomes of carotid endarterectomies performed in Medicare patients in 10 US states from 1995 to 1999 was published. The perioperative 30-day rate of stroke and death observed in this study was significantly higher than the corresponding rates reported in ACAS and ACST, reaching more than 5.0% in some states. 23 The cost-effectiveness of revascularization is also a matter of debate, especially with the current trend to reduce health care costs. 31, 42 This problem is related to the high number needed to treat, calculated according to the ACAS results, indicating that 17 CEAs need to be performed to prevent one ipsilateral stroke, 43 and this number could be greater if the recent advances in medical therapy are considered. It has been estimated that about 94% of the revascularization procedures are ultimately unnecessary and represent a considerable economic burden to the health system. 31, 32 It is because of this continued controversy that different trials comparing invasive treatment to best medical therapy are ongoing worldwide or in planning phase.
Identification of Patients at High Risk for Stroke
It is evident that the risk of stroke among patients with asymptomatic carotid artery stenosis treated with medical therapy alone has progressively declined during the last years. However, the risk is not 0%; thus, recognition of subgroups of patients at higher risk of ipsilateral stroke would maximize the potential benefits of prophylactic revascularization. 24 A lot of research in recent years has focused on the identification of such "higher-risk" subgroups ( Table 2) .
Clinical Features
The Asymptomatic Carotid Stenosis and Risk of Stroke (ACSRS) study 33 is the largest study done recently to identify subgroups of patients with carotid artery stenosis at higher risk of ipsilateral stroke. A total of 1121 patients were followed for a period of 48 months. A number of clinical and biochemical features were recorded at enrollment and a carotid artery ultrasound study was performed to determine the degree of stenosis and specific plaque characteristics. During follow-up, the occurrence of ipsilateral cerebral or retinal ischemic events was recorded. Clinical features found to predict an increased risk of ipsilateral ischemic events included increased systolic blood pressure, smoking history (more than 10 packyears), and history of contralateral TIAs or stroke. 33 
Plaque-Related Factors
Severity of the degree of stenosis and its progression have been studied as possible predictors of ipsilateral stroke risk. Neither ACAS nor ACST showed any correlation between the degree of stenosis and the risk of ipsilateral stroke. 16, 43 However, the ACSRS investigators have observed an increased risk of stroke with increasing severity of the degree of stenosis. The risk of stroke increased from 0.6% per year in patients with mild stenosis (50%-69%) to 1.9% per year in patients with severe 
stenosis (≥ 90%)
. 33 An association between progression of stenosis and stroke risk was found in a post hoc subgroup analysis of patients enrolled in ACST. It was found that an increase in the degree of stenosis by 2 or 3 categories (50%-69%; 70%-89%; 90%-99%; and 100%) over 1 year was related to an increase in the incidence of ipsilateral ischemic events by a factor of 4 or 7, respectively. 17 The ongoing advances in the understanding of the natural history of atherosclerosis have led to the identification of some features that may identify a more "unstable" plaque. Among these features are the presence of intraplaque hemorrhage, a large lipid-rich necrotic core, and a thin fibrous cap. 29 With the use of imaging techniques such as ultrasonography and MRI, it is now possible to identify these high-risk plaques. Using ultrasound, atherosclerotic plaques can be characterized based on their echolucency and gray-scale values. Geroulakos and coworkers 11 have developed a classification of carotid artery plaques, which was adopted by the ACSRS investigators 33 to predict the risk of ipsilateral ischemic events. In this study, patients with Type 1 and Type 2 plaques, which are echolucent and therefore lipid rich, had a significantly higher stroke risk (3.0% per year) than patients with Type 3 and Type 4 (mainly echogenic) plaques (0.8% and 0.4% per year, respectively). Other plaque features associated with stroke risk in the ACSRS study were low gray-scale median, presence of discrete white areas, and large plaque and juxtaluminal black areas. 18 With continuous improvement in MRI, there has been increased interest in better definition of plaque composition. A recent prospective study investigated the predictive value of plaque morphology as defined by MRI on the risk of stroke in patients with asymptomatic carotid artery stenosis. Eighty-three asymptomatic patients with 50%-99% carotid artery stenosis measured by Doppler ultrasonography were recruited during 5 years and underwent MR plaque imaging. Lesions were classified according to a prespecified scale.
7 Seventy-seven patients fulfilling all of the study requirements were followed for a period of 41.1 months. A total of 9 ischemic cerebrovascular events were recorded (8 strokes and 1 TIA), all occurring in patients with "high-risk lesions" characterized by intraplaque hemorrhage and a lipid-rich necrotic core. 10 
Silent Infarcts on CT
The relationship between the clinically "silent" ipsilateral infarcts on CT scan and the risk of ipsilateral ischemic events in patients with asymptomatic carotid artery stenosis was prospectively studied in 821 patients constituting a subgroup of individuals enrolled in the ACSRS study who underwent CT examination of the head at baseline. 19 A total of 146 patients were found to have ipsilateral infarcts of possible embolic origin. After a mean follow-up of 44.6 months, 102 ipsilateral ischemic events were documented (stroke in 47, TIA in 39, and amaurosis fugax in 16). Among patients with at least 60% stenosis, a significant difference was found between the annual stroke rate seen in patients with silent embolic infarcts on baseline CT compared with patients without these lesions (3.6% vs 1.0%, respectively). The presence of contralateral carotid artery occlusion reduces the 5-yr risk of stroke among patients w/ asymptomatic carotid artery stenosis on medical therapy (3.5% vs 11.7%).
19
* CVR = cerebrovascular reserve; SBP = systolic blood pressure.
Microemboli on TCD
Transcranial Doppler ultrasonographic detection of microemboli, considered an index of "plaque" instabil ity, has gained traction as one of the most powerful predictors of stroke risk in patients with asymptomatic stenosis. 2, 41 In the Asymptomatic Carotid Emboli Study (ACES), 27 482 patients with asymptomatic carotid artery stenosis of at least 70% were selected to undergo TCD at baseline and every 6 months thereafter to detect embolic signals. The main objective was to investigate if the presence of these signals was related to the risk of ipsilateral stroke and TIA. At baseline, 77 embolic signals were recorded, and 32 ipsilateral ischemic events occurred during follow-up (26 TIAs and 6 strokes). A clear association was found between embolic signals and risk of ipsilateral stroke (HR 5.57). The annual risk of ipsilateral stroke was 3.62% in patients with embolic signals and 0.7% in those without them.
Cerebrovascular Reserve
The impact of impairment of cerebral hemodynamics in patients with carotid artery stenosis (both symptomatic and asymptomatic) on stroke risk was investigated in a recent meta-analysis. Studies considered in this review were those that evaluated cerebrovascular reserve (either by TCD or nuclear medicine techniques) in patients with at least 70% carotid artery stenosis and recorded the occurrence of ipsilateral strokes or TIAs. This analysis of 13 studies with a total of 991 patients and a mean followup of 32.7 months found a strong association between impairment of cerebrovascular reserve and development of ischemic events (OR 3.86). This association remained significant regardless of symptomatic or asymptomatic status and outcome measure (stroke or TIA). 14 
Contralateral Occlusion
One would anticipate that patients with asymptomatic carotid artery stenosis contralateral to an occluded carotid artery are at higher risk of future stroke. Yet, a subgroup analysis of the ACAS study revealed an apparent paradox: patients with asymptomatic stenosis contralateral to an occlusion may actually have a lower risk of ipsilateral (to the asymptomatic stenosis) stroke. The predicted 5-year rate of stroke in patients with asymptomatic stenosis and contralateral occlusion enrolled in the medical arm was 3.5%, which was significantly lower than the risk for patients without contralateral occlusion who were being treated with medical therapy (11.7%). Considering that for the same group with contralateral occlusion, the 5-year rate of stroke for patients undergoing endarterectomy was 5.5%, it was concluded that surgical intervention in this group was not beneficial and could even be harmful.
3

Future Directions
Despite the evidence from the large CEA trials, and given the ongoing controversy on the best management of asymptomatic carotid artery stenosis, randomization of patients to a "best" medical arm (best current medical treatment only) is considered justified by most clinicians. This consideration has led to the planning and launch of new clinical trials with the objective of assessing whether invasive treatment of asymptomatic carotid artery stenosis is still justified today and also better defining the role of CAS. The Stent-Protected Angioplasty in Asymptomatic Carotid Artery Stenosis versus Endarterectomy (SPACE-2) study is a 3-arm study that aims to recruit more than 3500 patients and randomly assign them to medical therapy alone or invasive treatment with CEA or CAS. 37 Another ongoing trial is the Aggressive Medical Treatment Evaluation for Asymptomatic Carotid Artery Stenosis (AMTEC), which will also compare contemporary medical treatment to CEA. 22 The CREST investigators in North America are also in the advanced planning phase of a similar study although the details have not been completely defined yet.
Conclusions
Carotid artery stenosis is a recognized risk factor for ipsilateral stroke. Although large randomized trials in the late 1980s and 1990s established a role for prophylactic CEA, growing evidence suggests that with modern advances in medical therapy, the risk of ipsilateral stroke in patients with asymptomatic carotid artery stenosis may be much lower than the risk observed in the large CEA trials, making CEA-or for that matter any inva sive treatment-ineffective today. The controversy regarding the best treatment for asymptomatic carotid artery stenosis has stimulated many studies trying to identify specific subgroups of patients at higher risk for ipsilateral stroke who may benefit from prophylactic revascularization. Although several potential factors have been identified, the evidence is not strong enough to make definitive conclusions. Some ongoing large-scale trials comparing best current medical therapy versus invasive treatment (CEA and CAS) will shed more light on this controversial topic in the future. In the meanwhile, patients with asymptomatic carotid artery stenosis considered for invasive treatment should be carefully selected and counseled regarding the ongoing uncertainty about the best treatment strategy.
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